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INTRODUCTION
Large quantities of brine, water with a dissolved-solids concentration greater than 35,000 mg/L, are produced in conjunction with petroleum. In Mississippi, where petroleum production began in 1939, disposal of brine has resulted in contamination of streams and aquifers. In the early years of oil production in the State, brine was pumped into nearby streams. In an attempt to avoid surface-water contamination, producers later pumped brine into evaporation ponds or pits. This practice led to the contamination of shallow ground water, and this disposal method was prohibited in 1978 (Mississippi State Oil and Gas Board, 1985, p. 91) . Most of the brine produced in the Baxterville oil field is injected (1986) into the saline Cook Mountain Formation, which ranges in depth from 2,340 to 2,700 ft below land surface (Bicker, 1972) .
Information about the extent of brine contamination and about the movement and ultimate fate of the brine and the constituents that it contains is useful to local water planners and managers. To determine the extent of brine contamination, a study to collect water-quality data in oil-producing areas of Mississippi was begun in 1981 by the U.S. Geological Survey in cooperation with the Mississippi Department of Environmental Quality, Office of Pollution Control.
Background
The Baxterville oil field ( fig. 1 ), located in southwestern Lamar and southeastern Marion Counties, is (1986) the most productive oil field in Mississippi.
Oil production in the Baxterville oil field began on November 19, 1944. Production figures for the first few years of operation are not available, but more than 7.5 million barrels of oil were produced in 1948 ( fig. 2 ). Production decreased and ranged from about 5 to 6 million barrels per year until 1970. Production increased in 1970 and reached a maximum of almost 8.9 million barrels in 1972. Since then, yearly oil production gradually decreased to approximately 4.4 million barrels in 1985 (Mississippi State Oil and Gas Board, 1984 ,1985 .
During initial development of oil reservoirs, relatively little brine in proportion to petroleum is brought to the surface. As petroleum is removed, however, formation water (brine) fills the pore spaces vacated by the oil, and subsequent pumping produces brine with the oil. The yearly brine production in Baxterville oil field gradually increased from about 1.7 million barrels in 1948 to about 20 million barrels in 1970. This increase continued through the 1970's and early 1980's, and brine production reached a fig. 2 ). More than 1 billion barrels of brine with chloride concentrations greater than 100,000 mg/L was produced from 1948 to 1985. A combination of decreasing oil production and increasing brine production caused a large increase in the brine-to-oil ratio in the 1970 's and 1980 's (Mississippi State Oil and Gas Board, 1984 ,1985 .
Purpose and Scope
This report defines the extent of oil-field-brine contamination in ground water and streams in the Baxterville oil field area. This report is based largely on data collected during the period October 1984 through November 1985. Water samples were collected from streams and wells in the study area. Data from a previous study conducted in the vicinity of the nearby Tatum Salt Dome were used for background water-quality information. Natural surfacewater quality was determined by sampling streamflow from a nearby basin having no oil field activities and from samples collected in an adjacent basin during a previous study.
Location and Topography
The 260-mi2 study area is located in southwestern Lamar and southeastern Marion Counties, Mississippi. The Baxterville oil field (approximately 12.5 mi2) lies entirely within the study area. The study area is in the Pine Hills physiographic district, which is characterized as having a high and rolling land surface with moderately high ridges forming divides between streams (Cross and Wales, 1974, p. 7) . Land in the study area is heavily forested, but a few flat areas have been cleared for agricultural purposes. In the oil field, much of the land is used for roads, well sites, storage tanks, pipelines, and other facilities related to oil production.
Geology
The geologic units that crop out or are present in the shallow subsurface in the study area are unconsolidated sedimentary deposits of Tertiary and Quaternary age. The deposits of Tertiary age include the undifferentiated Hattiesburg and Pascagoula Formations of the Miocene Series. The deposits of Quaternary age consist of the Citronelle Formation of the Pliocene Series.
Sediments of the undifferentiated Hattiesburg and Pascagoula Formations make up the upper part of the Miocene aquifer system described by Newcome (1975) and are the oldest and deepest units investigated in this study. Deposited in a nonmarine, near-shore environment (Bicker, 1969, p. 29) , these units consist mainly of silty clays with minor amounts of sand. However, some prominent sand units exist in these sediments (Brown, 1944, p. 32) . Stephenson and others (1928) assigned the exposed Miocene strata in the study area to the Pascagoula Formation; but in this report, the undifferentiated Hattiesburg and Pascagoula Formations are considered as one unit and are referred to as the Miocene Series. The undifferentiated strata consist of several distinct sand layers separated by clay and silt. Taylor (1971) , in a report on the nearby Tatum Salt Dome, considered several of the sand layers to be separate aquifers. The two deepest sand layers (sand layer 1 and the local sand) may be equivalent to aquifer 1 and the local aquifer, respectively, in the Tatum Salt Dome area described by Taylor (1971) .
Sand layer 1 and the local sand are the two principal sand units in the study area. Thicknesses of these sand units are shown in geologic sections in figures 3 and 4. In section A-A1 ( fig. 3 ), sand layer 1 ranges in thickness from about 130 ft in the northeastern part of the section near Baxterville to about 80 ft in thickness near Middle Fork Creek, several miles to the southwest. The local sand layer ranges in thickness from less than 40 ft in the northeastern part to about 120 ft in the southwestern part of the section. Additional unnamed sand layers are present in the Miocene strata above the local sand layer in some areas. These sand layers appear to be discontinuous in the study area, and range from approximately 10 to more than 100 ft in thickness ( fig. 4 ).
Overlying the Miocene strata in the eastern part of the study area is the Citronelle Formation, which is composed of discontinuous sand and gravel units separated by sandy clay lenses. The Citronelle Formation is more than 200 ft thick near the northeastern part of section A-A1 ( fig. 3 ) and thins to the southwest. The Citronelle Formation is absent from many stream valleys and areas of lower elevation ( fig. 4) . 
Hydrology
The geologic units of the Citronelle Formation and the Miocene Series that contain sufficient saturated permeable material to yield significant quantities of water serve as aquifers in the study area. These units are identified in this report as the Citronelle aquifer (Boswell, 1979) and the Miocene aquifer system (Newcome, 1975) . The locations of wells for which hydraulic or water-quality data are used in this study are listed in table 1 and are shown in figure 5.
Citronelle Aquifer
Water in the Citronelle aquifer originates from precipitation that percolates through the soil and unsaturated zones to the water table. From there, water moves downgradient and discharges into Clear Creek and its tributaries or downward into underlying hydraulically connected Miocene sands. The direction and rate of water movement are dependent on lithologic and hydrologic characteristics of the aquifer. Data on the hydraulic characteristics of the Citronelle aquifer are scarce, but the results of an aquifer test on a shallow well at Baxterville indicate that the aquifer has a transmissivity of about 13,000
]ft is hereafter reduced to ft2 /d, or feet squared per day.] The specific capacity of the aquifer at that site is 6.2 (gal/min)/ft and the hydraulic conductivity is 120 ft/d (Newcome, 1971, p. 30) . Caution should be exercised in using these values, however, because the sands penetrated in this test may have included some sands not in the Citronelle Formation (Taylor and others, 1968, p. 66) .
Water levels in the Citronelle aquifer change in response to precipitation and withdrawals. Water-level fluctuations in well 80 during the period 1961-65 are shown in figure 6 . The water level in this well declined from March 1962 to March 1964 during a period of below normal rainfall, but began to recover in March 1964 in a delayed response to increased rainfall (Taylor, 1971, p. 15) . Water-level data were not collected during the 1984-85 study; however, on the basis of data previously collected in the area, water levels would be expected to rise during the wet spring months and to decline during the drier summer and fall months. 
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Figure 6.--Monthly precipitation at Columbia, Mississippi, and water levels in the Citronelle aquifer and Miocene aquifer system in the study area.
area, ground-water movement is from topographic highs toward the streams and pumping wells. Generally, ground water moves from the ridges along the northern, eastern, and southern parts of the oil field toward Clear Creek.
Miocene Aquifer System
Water in the shallowest parts of the Miocene aquifer system in the study area originates as infiltration from the overlying Citronelle aquifer, as infiltration from terrace and alluvial deposits in the valleys, and as direct infiltration from rainfall where Miocene strata are exposed. Ground-water flow generally is down the dip to the south and southwest. Some water may be discharged into streams that incise the aquifer system.
The hydraulic conductivity and transmissivity of the Miocene aquifer system in the study area probably are similar to the average values of 95 ft/d and 13,000 ft2 /d, respectively, reported by Newcome (1975) for the Miocene aquifer system in southern Mississippi.
Water levels in wells in the Miocene aquifer system rise and fall in response to general long-term trends in precipitation and changes in groundwater withdrawals, but seasonal and short-term variations in water levels generally are smaller in these aquifers than in the Citronelle aquifer ( fig. 6 ).
Clear Creek and Tributaries
Baxterville oil field, in the southern one-half of the study area, is entirely within the Clear Creek drainage basin ( fig. 1 ). Clear Creek originates north of the oil field and flows westward into the Pearl River. Dry and Middle Fork Creeks, the major tributaries to Clear Creek, drain the southern part of the oil field and two unnamed tributaries drain the northern part. ,Most of the northern half of the study area is drained by Lower Little Creek and its tributaries. Locations of surface-water sites for which water-quality data are used in this report are listed in table 2 and are shown in figure 7.
During the study, daily mean discharges for Clear Creek downstream of the study area (site 11) ranged from about 11 ft3 /s on Sept. [20] [21] [22] 1985 , to 835 ft3 /s on Oct. 30,1985 (fig. 8 ). The largest daily mean discharge occurred as a result of rainfall associated with Hurricane Juan.
During the wettest months of the study period (November 1984 through March 1985 the discharge of Clear Creek characteristically peaked soon after a rain and then decreased rapidly ( fig. 8 ). If a substantial quantity of rain did not fall within 4 or 5 days, the daily mean discharge of Clear Creek normally decreased to less than 40 ft3 /s. During low-flow periods when streamflow originated primarily from ground-water discharge, streamflow at site 11 generally was less than 40 ft3/s.
Dry and Middle Fork Creeks ( fig. 1 ) were dry during extended periods of no precipitation, whereas the unnamed tributaries flowed even during the driest period of August through mid October 1985. The difference in the base flows in these streams may reflect differences in the geologic makeup of the drainage basins.
Methods
Water samples were collected and analyzed to identify the presence of oilfield brine in ground water and streams in the Baxterville oil field area. The results were compared to water-quality data (collected during the study and from previous investigations) from nearby wells and streams outside the oil field area.
Ground-water samples were collected from 2 wells tapping the Citronelle aquifer, 12 wells tapping the Miocene aquifer system, and 5 test wells drilled during this study. Results of analyses of those samples were compared to water-quality data from 23 wells tapping the Citronelle aquifer and 26 wells tapping the Miocene aquifer system outside the oil field and unaffected by oilfield brines.
Surface-water samples were collected and analyzed from five sites in the Clear Creek Basin and from seven sites in nearby basins ( fig. 7 and table 2). Six of the sites outside the oil-field area are in the Lower Little Creek Basin north of the oil field, and one site was on a Pearl River tributary south of the oil field. Surface-water-quality data generally were collected during periods of low flow, but at two sites (site 11 on Clear Creek and site 12 on a tributary to the Pearl River), samples were collected during both high-and low-flow periods. Water samples were analyzed to determine concentrations of major ions and of bromide, barium, and strontium, which are commonly present in relatively large concentrations in oil-field brines. At site 11 on Clear Creek, water temperature, specific conductance, and stage were monitored continuously throughout the study.
GROUND-WATER CONTAMINATION
Injection of brines into formations containing water with dissolved-solids concentrations greater than 10,000 mg/L is environmentally more acceptable than surface disposal, but this practice also can affect shallow ground-water quality. Improperly constructed and maintained or deteriorated injection wells may leak brine directly into shallow aquifers or allow brine to move upward through the annular space outside the well casing. Also, increased pressure in the injection zone may cause formation water to migrate up nearby abandoned production wells. If the casing of an abandoned well has deteriorated, the water may leak into freshwater aquifers.
Analyses of brines in earlier studies from two oil-producing formations (the Eutaw and the lower Tuscaloosa Formations of Cretaceous age) in the Baxterville oil field are summarized in table 3. Sodium and chloride are the predominant constituents in water from both of these formations. Sodium concentrations exceed 50,000 mg/L and chloride concentrations are 100,000 mg/L or greater in brines from both of the oil-producing formations in the Baxterville oil field. The mean dissolved-solids concentration of brine from the shallower Eutaw Formation is about 170,000 mg/L. The sodium to chloride ratio in this brine is about 0.54. The Eutaw Formation brine contains relatively large concentrations of bromide (mean of 500 mg/L) and barium plus strontium (mean of 63 mg/L) that normally occur in very small concentrations in shallow ground water and streams. The brine from the deeper lower Tuscaloosa Formation is more mineralized than brine from the Eutaw Formation and has larger concentrations of calcium, magnesium, sulfate, and chloride. The sodium to chloride ratio in brine from the lower Tuscaloosa Formation is about 0.45.
Water-quality data for wells that tap the Citronelle aquifer and the Miocene aquifer system in southwestern Lamar and southeastern Marion Counties are given in table 4. Comparisons of these data are discussed for each aquifer in the following sections.
Citronelle Aquifer
Uncontaminated water in the Citronelle aquifer in the study area is typically a calcium sodium bicarbonate water.
Dissolved-solids concentrations (median concentration, 30 mg/L) are small, and pH values (median 5.7) are low (table 5). Concentrations of major constituents generally are less than 10 mg/L, but some sodium, chloride, and bicarbonate concentrations exceed that value. Consequently, a chloride concentration of 10 mg/L or less, is considered background level for water from the Citronelle aquifer for purposes of this study. Median concentrations of bromide (less than 0.01 mg/L), barium (48 |ig/L), and strontium (12 |ig/L) are small. The median sodium to chloride ratio for the uncontaminated water is about 0.79.
Although the specific conductance of ground water in the Citronelle aquifer is relatively small, it varies seasonally in response to variations in rainfall. In water from well 46, the specific conductance ranged from 18 to 36 tiS/cm during a 3-year period . Conductance values generally were largest during periods of little rainfall and smallest during or shortly after periods of large quantities of rainfall.
Few shallow wells were available for collecting water-quality samples in the Baxterville oil field because many domestic wells were abandoned or destroyed because of the presence of substantial quantities of brine in the ground water. In order to collect water-quality samples from the shallow Citronelle aquifer, a well (well 51, table 1) was drilled in the northern part of the oil field. The chloride concentration in water from this well was relatively small (28 mg/L), but was substantially larger than background concentrations. Chloride concentrations were less than 10 mg/L in water from other shallow Citronelle wells near and upgradient (northeast) of the oil field.
Miocene Aquifer System
Uncontaminated water in the Miocene aquifer system in the study area is typically a sodium bicarbonate water. The median dissolved-solids concentration is 160 mg/L, the median pH is 6.8 (table 6). Concentrations of the major constituents, except for sodium and bicarbonate, generally are less than 20 mg/L. Sodium to chloride ratios typically range (for the interquartile range or middle 50 percent of the data) from 1.5 to 5.9.
The quality of uncontaminated water in the Miocene aquifer system has minor seasonal variations in response to variations in recharge, but the seasonal variations generally are much smaller than those in water in the Citronelle aquifer. The specific conductance of water from Miocene aquifer system well 41, just northeast of the oil field, ranged from 225 to 235 ^S/cm during the period 1963-66.
In the Baxterville oil field, areal variations in the quality of water in the Miocene aquifer system were large. A chloride concentration of 10 mg/L or less is considered background level for water from the Miocene aquifer system for purposes of this study. The maximum chloride concentration was 1,120 mg/L (table 4). Dissolved-solids concentrations ranged from less than 50 to 2,600 mg/L and strontium concentrations ranged from less than 20 to 2,000 ng/L. Data collected from wells 78 and 79 (completed in the same test hole) indicate that a 20-ft layer of freshwater overlies approximately 70 ft of highly contaminated water in the shallow Miocene aquifer system at the site. The chloride concentration was 12 mg/L in water from well 78 screened at a depth from 126 to 147 ft in the upper part of the aquifer system, whereas the chloride concentration was 1,120 mg/L in well 79 screened at a depth from 210 to 231 ft near the base of the sand layer. Barium and strontium concentrations were less than 5 and 120 ^g/L, respectively, in water from the shallower well but were 4,100 and 2,000 ^ig/L, respectively, in water from the deeper well.
Ground-water contamination was also detected at wells 67, 68, and 69 completed in another test hole. The chloride concentration was 163 mg/L in water from well 67 (depth 252 ft) screened in the shallowest sand layer; however, chloride concentrations were less than 5 mg/L in water from well 68 (depth 357 ft) screened in the middle of the underlying aquifer and well 69 (depth 410 ft) screened near the base of the local sand ( fig. 4) . Concentrations of barium and strontium each were less than 100 ^ig/L for the deeper wells (well 68 and well 69) but were 170 and 150 ^ig/L, respectively, for shallow well 67.
Chloride concentrations for well 52 and well 53, completed in another test hole, were relatively small but did increase somewhat with depth. For well 52, which was screened at a depth of about 220 ft, the chloride concentration was 5.1 mg/L. For well 53, screened at a depth of about 300 ft, the chloride concentration was 18 mg/L, substantially larger than the background chloride concentration.
Chloride concentrations in water from some Miocene aquifer system wells in the Baxterville oil field not only were larger than the concentrations considered typical of uncontaminated ground water but also were increasing with time. Water-quality data for water from the Miocene aquifer system wells in the study area are scarce, but available data indicate that between 1982 and 1985, the specific conductance of water from well 65 increased from 100 to 160 ^iS/cm, and chloride concentrations increased from 24 to 44 mg/L. Although the chloride concentrations in most of the wells sampled during this study were less than the recommended limit of 250 mg/L for drinking water (U.S. Environmental Protection Agency, 1986), chloride concentrations and trends indicate that oil-field brines are present and are moving within the shallow Miocene aquifer system in the Baxterville oil field area.
SURFACE-WATER CONTAMINATION
The extent of brine contamination in streams in the Baxterville oil field area was determined during this study by comparing the quality of water in Clear Creek, which drains the oil field, with that of streams outside the oil field. Water-quality data collected in the 1960's in the Lower Little Creek Basin north of the oil field indicate that streams unaffected by brines have a specific conductance of less than 50 nS/cm and a chloride concentration of less than 5 mg/L (sites 1 to 6, fig. 7 and table 7 ). During this study , waterquality data were collected at two sites unaffected by oil-field brines on Clear Creek upstream of the oil field (site 7) and on a Pearl River tributary southwest of the oil field (site 12, fig. 7 and table 7 ). The quality of water at these sites (site 7 and site 12) was similar to that in Lower Little Creek in the 1960's (the specific conductance was less than 50 ^iS/cm and chloride concentration was less than 5 mg/L).
Brine has moved laterally through the shallowest aquifers and discharged into Clear Creek and its tributaries. Although the presence of brine in surface water was greatest during periods of low flow when streamflow originated primarily from ground-water inflow, brine was also detected during highflow periods when streamflow consisted largely of precipitation runoff.
Water quality at site 12 on the Pearl River tributary (southwest of the oil field and unaffected by oil-field brines) varied with discharge (table 8). For the two samples, concentrations of dissolved solids and most major constituents were smaller during a high-flow period (March 1985) than during a low-flow period (October 1984) . During high flow, the dissolved-solids concentration at site 12 was 29 mg/L (compared to 40 mg/L during low flow), and concentrations of most constituents were less than 5 mg/L. Concentrations of sulfate and chloride were slightly larger in samples collected during high flow than during low flow but were less than 5 mg/L.
The quality of water from site 11 on Clear Creek downstream of the oil field differs in many aspects from the quality of water from site 12 on the Pearl River tributary (table 8) . Specific conductance and concentrations of dissolved solids and most constituents at site 11 were much smaller during high flow (March 1985) than during low flow (October 1984). During a lowflow period in October 1984, the dissolved-solids concentration at site 11 was 110 mg/L, almost three times the dissolved-solids concentration at site 12. The low-flow chloride concentration was 48 mg/L at site 11 but was only 3.8 mg/L at site 12. The low-flow sodium to chloride ratio for water at site 11 was much smaller than for water at site 12 (0.44 and 0.74, respectively, table 8) and was similar to the ratio for oil-field brine in the area (0.45 to 0.54, table 3).
During both high-and low-flow periods, concentrations of sodium, bromide, barium, and strontium, which are often associated with brines, were also substantially larger in Clear Creek than in the Pearl River tributary. Magnesium, potassium, bicarbonate, and sulfate concentrations were similar at both sites.
Although the concentrations of sodium, chloride, and other constituents at site 8 and site 9 on tributaries to Clear Creek (in the Baxterville oil field) and site 10 on Clear Creek (just downstream from the oil field) generally do not exceed the recommended limits for drinking water, they are substantially larger than concentrations in streams unaffected by oil-field brine and indicate the presence of brine in Clear Creek. Concentrations of sodium and chloride at these sites, similar to those at site 11 on Clear Creek, generally are largest during low-flow periods when streamflow consists largely of groundwater discharge. This relation indicates that shallow ground water in the drainage basin is affected by brine.
The specific conductance of water in Clear Creek was monitored at hourly intervals at site 11 throughout the study. Specific-conductance values at this site most frequently (about 75 percent of the samples) were from 160 to 240 ^S/cm ( fig. 9 ) and typically varied inversely with discharge ( fig. 8) . In several instances, however, the specific conductance increased abruptly, indicating likely contamination of Clear Creek by oil-field brines from surface runoff or by the release of brines directly into the stream. During Oct. [18] [19] 1985 , the specific conductance increased from 230 to about 300 ^S/cm and then decreased to about 175 ^S/cm after a relatively small increase in discharge. On Oct. 28, 1985, the specific conductance increased from about 200 to about 300 ^S/cm for a few hours before decreasing quickly as the stream discharge increased from about 30 to about 600 ft3 /s ( fig. 10 ). On Sept. 30, 1985, the specific conductance increased abruptly from 200 to more than 1,000 nS/cm and remained higher than 1,000 \iS/cm for most of the day ( fig. 10 ). It is likely that the maximum specific conductance value on this day was substantially greater than 1,000 nS/cm, but this value was the maximum that equipment at the site could measure. The conductance decreased to less than 500 ^S/cm by October 1 and to less than 250 \iS/cm by October 3.
Sodium and chloride concentrations in Clear Creek were not determined during the period of apparent brine contamination on Sept. 30, 1985. However, the water-quality data collected at site 11 indicate the concentrations of these constituents were linearly related to specific conductance at 1985 . During the period of contamination, the chloride concentration probably exceeded the recommended limit for public water supplies.
When streamflow is low, as on Oct. 4, 1984, a major source of contamination in Clear Creek is from ground-water inflow. Water entering the oil field at site 7 had sodium and chloride concentrations of 1.6 and 3.4 mg/L, respectively (table 7) . Sodium and chloride concentrations had increased to 36 and 83 mg/L, respectively, in water flowing from the oil field at site 10. The following equation can be used to calculate the mean chloride concentration of water entering Clear Creek between sampling sites.
(Cf) (Df) = (CSl) (DSl) + ... (Cjg (Dg,,) , where C is the concentration, in milligrams per liter; D is the discharge, in cubic feet per second; f is the final water mix; Sj is site 1; and Sn is site n, any "contributing" site with known discharge but unknown chloride concentration.
Discharge between sites 7 and 9 increased 6.16 ft3/s. Approximately 0.54 ft3 /s of the increased streamflow originated from an unnamed tributary upstream of site 8. The remaining 5.62 ftVs originated from Dry Creek and direct ground-water inflow. The mean chloride concentration is calculated using the equation above. Substituting the known concentration and discharge values for site 7 and site 8, using the concentration and discharge from site 9 as the final water mix, and knowing that an additional 5.62 ft3/s enters Clear Creek upstream of site 9, the only unknown left in the equation is the concentration of the additional water (Ca) which is calculated from: (64) (7.63) = (3.4) (1.47) + (350) (0.54) + (Ca) (5.59).
The mean chloride concentration of the additional 5.62 ft3 /s groundwater inflow is 52 mg/L. This calculated chloride concentration is substantially greater than the 3.4 mg/L at site 7 and 3.8 mg/L at site 12 and is evidence of additional sources of contamination other than from the unnamed tributaries sampled. Also on Oct. 4, 1984 , between sites 9 and 10, the discharge increased from 7.63 to 9.44 ft3 /s and chloride concentration increased from 64 to 83 mg/L. The combined inflow from Middle Fork Creek, the smaller tributaries, and direct ground-water inflow, represented by this increase in discharge, had an estimated chloride concentration of 163 mg/L.
The chloride concentration in surface water in the Baxterville oil field often exceeded 50 mg/L and was substantially larger than the concentration in nearby streams that do not drain the oil field. Streams in the oil-field area may also be subject to occasional contamination from surface runoff and other sources of brines that cause chloride concentrations to exceed the recommended limit of 250 mg/L for drinking water.
SUMMARY
A hydrologic investigation to define the extent of brine contamination in ground water and streams in the 260-mi2 Baxterville oil field area was conducted from October 1984 through November 1985. The Baxterville oil field includes approximately 12.5 mi2 in southwestern Lamar and southeastern Marion Counties, Mississippi. More than 1 billion barrels of brine with chloride concentrations greater than 100,000 mg/L have been produced in the Baxterville oil field since production began in 1944. Prior to the regulation of brine disposal (1978), brine was discharged to streams or pumped into evaporation ponds or pits where it could migrate into shallow freshwater aquifers.
Brine disposal in the Baxterville oil field has contaminated some ground water in the Citronelle aquifer. Few shallow wells were available for collecting water-quality samples in the oil field area because many domestic wells were abandoned and destroyed because of the presence of substantial quantities of brine in the ground water The chloride concentration in water from a well drilled during this study and completed in the shallow Citronelle aquifer in the northern part of the oil field was relatively small (28 mg/L), but was substantially larger than background concentrations (less than 10 mg/L). Chloride concentrations were less than 10 mg/L in water from other shallow Citronelle wells near and upgradient (northeast) of the oil field.
In the Baxterville oil field, areal variations in the quality of water in the Miocene aquifer system were large chloride concentrations ranged from less than 5 mg/L to 1,120 mg/L. A chloride concentration of 10 mg/L or less is considered background level for water from the Miocene aquifer system. At one site a 20-ft layer of relatively fresh water (chloride concentration 12 mg/L) overlies approximately 70 ft of brine (chloride concentration 1,120 mg/L ) in the shallow Miocene aquifer system. At another site, moderately contaminated water (chloride concentration 163 mg/L) in the shallowest sand layer overlies freshwater (chloride concentrations less than 5 mg/L) in the middle of the underlying aquifer and near the base of the local sand. At a third site, chloride concentrations were relatively small but increased somewhat with depth (5.1 mg/L at about 220 ft to 18 mg/L at about 300 ft).
Although the chloride concentrations in most of the wells sampled during this study are less than the recommended limit of 250 mg/L for drinking water, chloride concentrations and trends indicate that oil-field brines are present and are moving within the shallow Miocene aquifer system in the Baxterville oil field area.
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